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The NASA 23012-6U airfoil was loTestlgated for the purpose 
of Inoreaslng lift by means of blowing out air from the wing, in 
oonjunotlon with the effect of plain flap of variable contour * 
and slotted flap of 25-ueroent ohord length. The wing also wac 
provided with a hinged nose, to be deflected at will. Air was 
blown out from the wing Immediately in front of the flap; also 
at the opening between wing and hinged nose tangentially to the 
Burflaao' of the wing. Another devloe employed to increase maximum 
lift was a movable slat, to be opened to form a slot. 

Lift was measured in relation to tho ■volume of blown-out 
air end ocaislderable Inoreaaos were observed with increasing 
volume. 


The slotted flap was provided ■with pressure ■tubes. In order 
to determine moments, normal and ■bangeutlal forces on the flap, 
pressure distributions were taken at se^veral angles of attack 
and various deflections of the flap. 
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^Versuahe sur Auftrlebss^belgerung duroh Ausblaaen vton Luft 
on elnem '^ofll von .12 °/o Dloke mlt ■vcrsohiedenen Klappenfarmen,"- 
Zentral fur wi.6sen8ohaftllohes Berlohtswesen der Luftfafartforsohung 
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1. INTROOUCTIQ37 


The present report on blowing tests on an NACA 23012-6U air- 
foil is one of a scries of capers on various airfoils for the 
purpose of inoreaslng lift by blovrlng out air* Up to the present, 
reports in this series inolude tests on an airfoil of 16 percent 
thickness (l)» a syometrleal airfoil of 12«6 percent thickness (2) 
and of 9 percent thickness (3)« A further report is now being 
prepared on tests on an HACA 23013 airfoil* 

The tests contained in the report at hand encountered the 
particular Interest of the Messeracfamitt oonpany and in port 
were carried out with their support. 


II. STATESTSHT OP THE TEST ^TiOBLEJ? 


The problems of this investigation are substantially 
corresponding to those stated in studying the airfoil of 9 per- 
cent thickness and arc more fully dlsoussed in the thereto 
pertaining report. 

The problems consist of Inoreaslng lift to the highest 
attainable value, determination of effects of slot and flap and 
of hinged nose and flap to the best euivantage of lift as veil 
as observation of effect of blonn-oub air on tlie lift. To 
obtain Information oonoemlng the moments applied to operate the 
flap, the foroes acting upon the latter are to be obtained in 
relation to the volume of blown- out air* 


III. DESCRIPTION OF VODELS AND TEST FROCEDURS 


The tests here dlsoussed have been performed on the NACA 23012-6U 
airfoil, with maximum thlokncss at l^O-peroent ohord and leadlng*vdge 
radius of the normal size. The airfoil, whose coordinates cure 
taken from NACA Rep. 6l0 (U). is shown, with the above mentioned 
high- lift devloes, in figures 1 and 2. 

The types of flap represented in fiFwe 2 were tested a 
few mouths after those shown in figure 1. The type employed first 
was a plain flap, figure 1, type a, of 24-peroent ohord length 
(with respeot to wing ohord) measured fPcsi hinge to trailing edge. 

This flap has been designed with an offset in the forward 
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seotion (on tha BUotlcQ side). This ms 'done In order to' obtain 
the shape of blowing slit thou^t to be of best advantage as 
well as insure' thorough tightness' 'of the 'sllt'wlth the ^lap in 
streamlined' position. HowBYsr, the offset proved -to have adverse 
effeots on blowing of air upon the flap, therefore, it was evened 
out by ooverlng it up with sheetmetal (fig. 1 , type b). Later 
on, flaps type 0 and d, figure 1 were produced by applioations 
of plastlllne to that seotlon, thus obtaining a thicker contour. 
These have been tensed "moderately thickened" (type o) and 
"heavily thiokened" (type d)> 

In flirther tests the wing was provided with a plain flap .of 
2U percent and a slotted flap. of 25'‘P^roent chord length (fig. 2). 
To ae-benolne the best position of the hinge of the slotted flap 
during blowing out air, this position was valuable within wide 
limits. The hinge of the plain flap at first was fixed) however, 
in course of the tests it became expeditious to dl solace it 
to some extent. 

Air was blown out from the wing Just forward of -the flap) 
a change in width of the blowing-dtit slit was accoinplished ly 
interotanglng the aft wing eeotion. 

Other means provided at the nose section to increase lift 
include a slat of I3 percent and a hinged nose of 17.3~P^roent 
chord length. Position of the slat was vturiable uooording to 
the series of holes shown in figure 1 , ohanglng the width of slot 
formed by the alat at the sane time. Construotion of tho binged 
nose wae such thet by deflecting the latter a slit was formed 
between hinged nose and the main wing surface, from which air 
could be blown out in a direction tangential to the wing surface. 

The inside of the wing has been subdivided 'by a diagonal 
wall into two airtight partitions in suoh a manner that air was 
blown out from one partition Just forward of tho flap and from 
the other imtediately aft of the hinged nose. 

The chord length of the wing model Is 1 - 0 ,'} meter, 
the sptm b - 1.2 meters and it has been provided with end 
plates of O.^-meter diameter. 

The already established i^thod has been followed in the tests, 
^rst the volume of blawn<*ou± air le increased to a high value, 
maintaining uneeparated flow in the prooedure as oondluded from 
tuft observations. In the next step this volume is- reduoed. taklt^ 
lift measurements at the same time. In order to find emy existing 
difference between the effect of decreasing and increasing 
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-Tolumn In ths Oa(<^Q) relation* In some 'inetanoea lift was 
determined at Inoreaalng TOlume aa well. 

Althoiigh drag was oonourrently determined by the drag balance , 
the oorreanonding measurements are here not- reported due to the 
Inherent InMouraoy of the test prodedure with respect to drag. 

The slotted flap has been provided with pressure tubes 
located at the oen-bsr of the span* vhloh served to determine the 
moments on -bhe flap during blowing out air. The position of the 
tubes Is shown In figure 2(a), representing -the slotted flap 
apart from the wing. In order not .to affeot foroe measurements by 
the pressure -tubes protruding from the wing, pressiire dls-brlbutlons 
on the flap were ob-balned in separate tests. 


IV. SIMEOI^ AND EVALUATION 
Symbols Used la Evaluating the Iteasurements 

A total lift In kllogrameb measured by balance 

M pitching moment cf wing in meter-kilograms* with respect 

to 0.25" chord point of wing 

normal foi’oe acting on flap* In kilograms 

Tf tangential foroe acting on flap* In kilograms 

moment acting on flap with respeot -to hinge of flap* In 
meter -kl lograms 

T velocity of blower stream In me-ber^/seoond 

v^ mean -velocity of blown-out air at outlet In meter^seoond 

F 0.36 square meter* wing surface with closed flap and closed 

slat 

I 0.3 meter* wing chord with closed flap and closed slat 

b 1.2 meters, wing span of model 

Fj. flap surface* taken frem hinge to trailing edge. In 
square meters 

If length of flap* taken fran hinge to trailing edge* In meters 
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ly alat, taken parallel to wing ohord. In metera 

Z|f length of binged noae in metera 

a mldth of blow- a lit at the flap In me tor a 

a^ width of blow-allt at .hinged noae In metera 

By width of alot (between alat and wing) In metera 

Q volume of air blown out at flap In oublo meter a/aeoond 

volume of air blown out at hinged nose In oublo metera/aeoanA 

p. pjj oxoeaa pressure In wing required for blowing out the 

volumes Q and respectively. In kilogranp/square meter 




“If = 


v^Fl 


Or = 


iSp 


|v2Fylr 


°sr -r » 

— v^F_ 

2 


®Tr ” p 


: 2 


« --SL 

vj vF ‘ 


®QB = 


vF ’ 


_ P 

0 _ = ; 


c -_!2L 

V TT 

2 ^ 


gpometrical emgle of attack, taken between wing chord and 
wind-tunnel axis 


00 


euigle of attack for Infinite aspect ratio emd Infinite 
Jet dimensions 


^ Translator*a Note. The above coefficients will be recognised 
as lift' coefficient (ca). moment' coefficient (oje)} while- the o-thers 
may be denoted as moment coefficient of flap (or), normal-force 
coefficient of flan (o'gr)* tangential coefficient of flap (oijy), 

Oq and are coefficients of 'the blown-out air volume and 

Op and Cp^ coefficients of In-bernal pressure. 
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•n flap defleotlon 

hinged nose defleotlon 

A aspect ratio 

ConTerslon of a to a 1 

00 

(1) Correotion applied for finite Jet dimensional 

ajj = X 0.65!^ 

(Calculated according to Gdttinger Lleferung. page 12.) 

( 2 ) Correction applied for finite aspect ratlot 



The factor E applied to correct for wing with end 
plates t the -value for the end plates used was determined 
ezoerlmen-tally (5)» With this -raluei 


0(^ X 2.811° 


Deducting and from a the total oarreotlcn 

heoomesi 


a® = a° - oS, = Oa X 5.1*65° ^ 

The drag coefficient Oyf ' has been used to calculate oj| from 
lift emd drag measurements. Although, as mentioned above, could 
be determined with poor accuracy, its influence in calculating 
pitching moments is small oompeured to that of lift and has been 
allowed to be taken into account. 


° Translator's Note. The formula for Is taken frcm part 9 
of this series of reports. It is incorrectly quoted in the original 
of this report (page 6 of the German -text). 
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The .mament ojoefflolent of flap is fousd frcm presBure distributions 

using the equation 




where the first term recresents mcment of the tangential, the second 
term that of the normal -component foroes* Using the 'signs as given 
in the equation, the moment is nosltive for a positive tangential 
foroe above, and for positive normal force forward, of the flap 
hinge* The integrals are dstemlned by plotting snd ^ 

as funotlons of ^ and ^ , respectively, and evaluating the 
*r ir 

areas under the corresponding curves with the planlmater* 


The normal and tangential foroe coefficients are obtained in 
similar manner, from pressure distributions with the equations 



The theoretical lift coefficients °a^ ~ f(ao) 1 b included in 

the diagrams for oompEurlson of the e:iqperlfflentally obtained results* 
The values fcnr the theoretical curve Eure calculated (Kale (6)) 
for a streamlined airfoil (without flap) from 

flay, 6.95 alo (fi»t l.as) 

Deviations of the theoretical o\n*ve due to deflected flap 
are calculated according to Eeune (7)* 


8 


HACA TH No. lli 4 B 


- . - V. TEST RESULTS 


Qaly the most t>ronilnent results, are inoluded Jn this report, 
contained in tipiree 3 to 35* From numerous observations, the 
relation o^CoqT for various values of a = oonstant Oa(a]() also 
for various values of the geometrloal angle of attack a ~ oonstant 
and the curves s f(a^ for various values of oq= oonstcuit 
appear in all the diagrams from figure 6 on* It should be observed 
that along the curves Oa(c]f) the value of oq Is not constant, 
but increases alth The corresponding -value can be found on 

the Og(oQ) curve; the values of Og(oj[) fOT various Oq= constant- 
are indicated -by dotted line* 

Figure 3 represents OgS= f(‘nN) fw ‘the wing provided irith a 
flap as in figure 1, type a* The optimum deflection of the hinged 
nose, vlthout blowing air fron the wing, was determined by finding 
Co at flap deflections T| = 0° and = 30° and at various 

angles of attack (a~ oonstant) for.ytirying hinged nose angle. 

Pram the latter tests optlmOTi of the hinged nose angle is at T)]f “ 15°| 
It must be sta-ted that the increase due to the effect of this 
device is relatively small. 

Effect of blowing out air at the hinged nose is shown by the 
diagrams of figure U* l^h? lift coefficient is obtained as function 
of the blown-out volume at the hinged nose (Sim) '^oastauit 

flap deflection ( 30 *^) and cons-tant blown-out volume at the 

flap (oQ a 0*0195), varying the hinged-nose deflection* The cur-ves 
o„ =f(o^N) figure h ar'j always, given for that angle of attack,, 
where at highest oq« the flow is Still definitely imseporated 
along -the wing and f^ap* Nhen this volume is reduced, gradual 
seperatlon of flow appears on the wing* 

It is evident that at the applied deflections of hinged nose, 
-unseperated flow along the wing oould be maintained and oa 
increased considerably by the air blown out at the hinged nose* It 
will- be noted, hewe-Tsr, that a smaller -volume of blown-out air 
Is required to obtain the same and higher values of Oa* by oomraring 
with teats for open-slat position and air blown out at the flap only 
(fig* 7 (t) “35®j and fig* 16)* The oonolusion of the -tests 
discussed is that a slat has a more favorable effect than a hinged 
nose* Due to this faot, -the remainder of - -these tests apply to the 
wing unaltered nose- section and with slat* 

Tosts including various positions of the slat (with flap 
type a, fig* l) at flap deflections T| = o° and *n *30®» with- 
out air being blown out, are renresen-ted by figure 5» For T| = 30° 
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the OT)ttmum position of the slat was found to be 7o (denoting position 
of the polnt-of 'referenoe^. fig. .l)» wlth.ale^t and wing forMng a 
slot 111. mlUlBieters wide. ' blth closed flan the optimum position. In 
the upper diagram, figure 3t !■ only sll^tly different from Je (l4) 
(position 7e, slot lU milHiaaterB. 

. * f 

The optimum slat position was determined In a further test at . ■ 
open flap, .with air being blown out at the flapj as abore, the best 
position fouhfd In this ease was 7e (ill)*. oorrespondlng diagrams 
are not Included in this report. 

PIAIjff FLAP 

With the best slat positions thus aTuilabla, o^. = f(oQ) 
was then determined at rarlous angles of attack using the types of ; 
flap shown in figia*s 1. These measurements are represented by 
figures 6 to 8. Ckily a slight Increase in c^ could be attained 
by blowing when the offset flap was used (fig. 1, type a), therefore 
testa with this type of flap have been discontinued, fie suits of 
tests made are not shown in the report. 

Mr blowing produced considerably improved effects with the 
offset filled in (fig. 1, type b) ; the oorrespondlng measurements are 
contained in figure o. Unseparated flow along the flap could be 
maintained to a maximimi flap deflection of 'H ~ 35° i results 
shown are for this angle. 

Information gained from tests on an airfoil of 9 percent 
thlclmess (reference 3 pe.ge 8) mode it probable that more advantageous 
oa(o(^ curves could be obtained with a flap, which when in open 
position, follows the original contour of the airfoil nearer to 
the blowlng-out slit, than with one of figure 1, type b«. There- 
fore a layer of plastillne was applied to the flap, nroduolng the 
type "moderately thickened" (fig. 1, . type c). Using this tyx^e* 
the flcm could bo kept unseparated astound the f lap by air-blowing 
up to T |"«3 i| 0 O^ The test results, shown in figure 7 for the 
fflaMmum obtainable angle of attack with unseparated flow was still' 
being maintained, indioa'to in oomparison to figure 6 that, for 
equal values of Oq, the lift eoeffiolents euro higher in the latter 
ease. 

8y building up the -flap further (fig. 1, :tyne. d).^ resulting in 
the "heavily thickened" type, unseparated flow along the flap could 
be m a in tained up to ~ I|5^* oorrespondlng measurements, 

represented by figures 6 and 9» shew that oomparod to iTpe e -to o' 
effective defleo-blon angle of the flap was increased still more, with 
a oorrespondlng increase in lift ooeffioient at equal values of Oq. 
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Flaps type o and d, obtained by building up the thickness 
with plastlllne, had the experimental disadvantage that flap deflection 
oould be varied vlthln very narrow limits only. Tests on type d 
were restrioted to T) a order to obtain measurements for 

a wider reinge of flap defleotlonsi the tests on types in figure 1 
were soon dlsoontinued. The wing was rebuilt and provided with a 
plain flap as in flgtire 2, type e« Beside the latter type, tests 
were run with the slotted flap (fig* 2, type f). The tests on 
types e and f followed a few months after the ones described 
above had been completed* 

In using the nlain flap (fig* 2) care had to be taken that there 
should be no break in contour caused by the contour of the opened 
flap falling below that of the original airfoil* 

Results of tests with this flap, for and closed slat, 

eure oortalned In figure 10, at the same width of the blowing-out 
slit as in figures 6 and 9(8=? O.OO667I)* Comparison with figure 8 
Indloates th-sit .values of 0^(0^)* are about the some as those 
obtained with the "heavily thickened" flap (type d)* 

To find the effect of the width of the slit, the same type of 
flap was tested with a narrower slit (s = 0*00551) likewise with 
closed slat and at *0 ~ Gmd the o^(oq) relationship determined* 
The resulting Oj^ - values, as it was expected, are somewhat higher, 
using the narrower slit, at equal oq (fig* 11}* Neutrally, the 
corresponding values of Op are increased as well* 

Observations of flow around the flap indicated that still higher 
values of Oa (at equal c^) may be obtained by shifting the flan 
toward the suction side* The flap was therefore so shifted that it 
extended somewhat beyond the wing contour of the suction side, 
at the same time however, for oonstruotianal reasons, it had to 
be displaced aft to some extent* These displacements amount to 
1 millimeter (0*0055^) toward the suction side and 0*5 millimeter 
(0*00l66l) aft. It is seen from a comparison of figures 10 and 15 
that Oa is further increased by shifting the flap* 

The remainder of the tests with plain flap (figs* 12 to I9) have 
been oonduoted with the flap in the latter position* Again the first 
thing determined was the most advantageous slat position, which is 
slightly different from the previous position* The best results for 
the rebuilt wing are for slat position 60 (I6)* (See page 6 for 
designation.) The measurements are not shown in detail* 

The general results agree with those from earlier tests on other 
airfoils and flans with air-blowing arrangement. For small deflections 
of flaps the inorease in 0^ with the blown-out volume is relatively 
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small. At larger dafleotion angles. (51=3.0° ud .ii5°} low 

values of og. the value of oa first deoreasss below that for On= 0. 
comes to a nmilnm. then Increases considerably with Cq« A marked 
Increase always begins when oq ~ 0.006 to 0.007. corresponding to 
the equation giving the rafaio of mean blowing-out velocity to 
airspeed vi . ' 

— = Oq i= 0.9 to 1.05 

V B 

Also this la in agreement with earlier tests. 

It appears from the theoretical curves °ath* °a(°oo) 

diagrams, that with increasing oq. the experimental values more and 
more annroeLoh the theoretical lift coefficients. Already at oq - O.OSO 
and evE-n at o; - 0,015 for small flan deflections, the experimental and 
theoretical values ars in close agreement. In some oases the 
experimentally obtained lift coefficients even exceed the theoretical 
values. 

This fact is easily understood by realising that the momentum 
of blown-out air adds a oomponent in the direction of lift end that 
at high blowing velocities the effective chord length of the wing 
may be considered increased due to the blown-out Jet of air. 

Also, if the trailing edge is not perfectly well defined, 
with the great energy being conveyed to the boundary layer by blowing- 
out of air. dlsnlaeoirent of the stagnation point beyond the Tosltlon 
othGirwlse determined by the trailing edge will scmetlmes take 
olaoo. causing oa to increase. 

'Khloh of these factors Is nredomineuit in the increase of lift 
beyond its theoretioal values, is a queatlon still in need of closer 
investigation. 

It is seen from the oa(oQ) ourves that while at constant a 
and Inoreaslng oq the lift ooeffloient Inoregses considerably. 

no systematlo variation occurs in the ourves that is the slope 

cla 

of the Oa(°o^ funotlon. Furthezmiore. the angle of attack of 
maximum lift seems to become smaller as oq inoreases. 

■Figures 15 and 19 give, for example, the foll.owlng Oa increases, 
with plain flap (fig. 2, ty^ e) at = const j 
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PIAIH FLAP 


o 

3 

! ®Q 

0 

0.010 _ 

0.015 

ao2o 

■>.= -5° 

1 

Slat closed | Ao.. 

.. . i * 

. 0 

0.27 

1.11 

1.65 


Slat opened | Ao_ 
a 

0 

o*it 5 

1.17 

1.71 


■ 

4 


6a 

The following table contains Tmlues of the quantity , 

denoting flap effeotlTeness. These are talcen from the Og^(ao|^ 
ourvea at constant lift. *= 1 and since they wefe determined 
over a range of deflections from “H =0® to 145®. represent mean 
'values for -that range of T] • 


PLAIN FLAP 


. 

°Q I ® 

0.010 

0.015 

. 

0.025 

Slat closed 
Slat open 

.. 

6ti 

-0.299 

-0.271 

■ 

1 

-0.305 

-0.322* 

- 0.1455 

-0.I468 

1 

-0.553 

-0.5I19 


These -values show a slceable Increase In 


d*n 


as the volume 


ooefflclen-b oq becomes greater. There Is no signlfloent difference 
be-tween -bhe 'values for a irlng irlth open slat and those with slat 
closed. Should these values be compared to the corresponding 
6a 




obtained with flaps with no boundary -layer control, it Is 


emphasised that the values obtained In -the lat-ber case apply to a 
very limited range of deflections, while those in -the table here 
gi-ven are taken for the entire range of “n bs o° to l45®» 

Glauert*s theory gives ^ -.-0.60 for a flap ha-vlng equal 
chord length -bo the one tested. 


Effect of a slat, together with -that of blowing out air at the 
flap, is substantially the same as -bhe effect of slat only, with the 
customary plain flap. It consists of widening -bhe range of effeotl-ve 
angle of at-back toward larger angles, thereby increasing O a^_q , ^ 

^translator's No-bet Presumably -0.522. 



HACA TIf Vo. lll(B 


33 


SLOTTED FLAP 

The first objeotlve was. as aboro, to. find the optlam hinge- - 
Dositlon of slo-bted flap during, blowing out air. Detailed 
results of this investigation are cmlt-bed. Highest -values of 
0|i(at equal o were obtained when the hinge was shifted 
1 mUtnetcr (0.0(93- 3) toward the -suotlon side and at the sane time 
3 mOHmsters (0»0l67 1) aft, as oompored with -bhe original posltlcn. 

It Is again oharaoterlstio that as in the ,former -bests, the upper 
flap surface extends somewhat beyond the original contour of the 
airfoil. 

Test results with clotted flap, for slat open as well as 
closed, are shown in figures 20 to 27. The OaCo^) ralationahlps - 
are not Aindamen-bally different from -bhose per-baining to -bhe plain 
flap, although, for corresponding values of o q -bhe - values •> 

are throughout higher for the slotted flan. It should be oonsldered 
that slits for blowing out air were narrower in the lat-ber case. 

Figures ^ and 27 yield the following o^ - Increases, at 
constcuit angle of attack and constant flap defleotiont 


SLOTTED FLAP 


j -n 


0, 1 0 

0.010 

0.015 

0.020 

i 

Slab closed 

dOa j 0 

O.lfB 

i.U 

2.12 

1 

i 

Slat open 

doa 1 0 

0.57 

1.U5 

2.20 


For purpose of comparison the following results of test on 
a ^012 airfoil with suction - -type flap are quo-bed Aram a report 
by Regenschelt (0). These are, though, referring to a flap with a 
chord leng-bh of only 20 percent wing ohord. The increase in lift 
ooefflolents are based on the -values of o^ s q (page 6) 




o^= 0.015 


dOa « 1«3 
dc^ = 1.1|. 


0.020 
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Oonsiderlng that tha flap used la the suotion testa is of 
shorter chord length* It nay be stated that about equal results eere 
obtained for on ^ 0 , 01 ^, while at =’0*020 lift la Inoreased 
nore by blowing than by suotion* 

Values of ^ for slotted flap are given in the' table below* 
obtained from the 0|^(a^ curves at 0^= 1 and for 'H =^ O'* to 


8L0TTBD FLAP 



OQ 

0 

0*010 

0.015 

0*020 

' Slat closed 


-0.2^ 

-0.329 

-o.it67 

-0.5U1 

Slat opened 

&£L 

6*n 

-0.270 

^ -0.277 

-0.U7Q 

-0.601 1 


The above values for o^= 0.020 apply to “H =* 30° to 145®. 
since at larger volume coefficients the slotted flap was not tested 
at small deflection angles. Also here considerable inorease 

in ^ is noted with increasing o^* Theoretical value 

(Olauert)t 0*6l.^ 

To ascertain any .difference between valiies of o. determined 
in teste with the blown*out voIuds being Increased and value of Ca 
with volume being reduced, several 0^(0^) curves have been obtained 
using both procedives. An instance of these tests (see fig* 28) 
shows that no difference can be observed; moreover, the same value of 
Oa was obtained for equal volume ooefflolents, regardless whether 
the volume was inoreased frem sero nr reduced from a high value* 

Examples of pressure distribution along the slotted flap 
obtained for the purpose of flap-moment determination, are shown in 
figure 29. for various volume ooefflolents. Evidently unusually 
sharp peaks of low pressuro may appesur in the air-blowing procedure 
aa. the leading edge of the. flap* 

Figures 30 and 3I represent flap-moment coefficients Or as 
function of 0 ^ determined from pressure distributions, for 
various angles of attack* Viithln the range of the latter Investigated* 
the ma^ltude of moment coefficient is increasing with volime of 
blown-out air. while it is almost independent of angle of attack. 


® translator's Hotet -O.6I 
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CoQspiououa is the faot that tomard higher Taluee of oq Op 
beoomes smaller at ‘H ™ li5° than at ‘H = 3^^* The cause of this 
phenomenon probably Is that at large deflections the pressure 
peedca described above, shift further fomard on the leading edge 
of the flap, producing shorter moment arm with respeot to the hinge, 
thus reducing moment Of the tangential force component. 

Figures to 35 represent the coefficient of normal force o]^. 
as irell as that of tangential force a;£i|. as function of the 
volume coefficient. 


71. CONCLUSIONS 


Testa have been conducted to increase lift of a NACA ^012-64 
airfoil, provided with slat, hinged nose and plain or slotted flap, 
by means of blowing out air from the wing. Air was blown out 
Immediately in front of the flap. also, when in open position, 
immediately behind the hinged nose. 

Using plain flap (t| nl45^)« at optimum slat position the lift 
coefficients obtained 


No air being blown out, 0 ;j= 0 ®ajuax 

0 2 = 0,020 0 - 

* amax 

Corresponding Values for Slotted Flapi 


2.16 

3.70 


0,* 0 


o, 

■< 


0.020 


Oa--. = 2.38 

“max ' 

o- ~ I|..0 
“max 


6. 


The effectiveness of the flap, indicated by was considerably 

increased by blowing out air. For o^ “ 1 and flap deflections up 
to Ti = itS®. the following valvies were obtained: 


=0 

0 -, = 0,020 


-0.271 


The corresponding theoratloal value is 0.60.' 


6 


Translator's Note: 


Presumably •0.60. 
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KMCil TU Ho. III4B 


= 0 - 0.270 

= 0.020 -0.601 

The slat produced no particular affeots in oomparlson to a 
slat used on a wing with no boundary -layer oontrol. Only a slight 
Increase In o amn-r has been observed that oould be attributed to 
the hinged nose. By blowing out air at the hinged nose. In addition, 
unseparated flow was maintained at larger angles of attack. 

Increasing lift at the same time. Still, the highest lift ooeffloients 
were measured when the total available air vol\mie was blown out 
at the flap only. 


With Slotted Flapi 
Theoretloal value t 


Translated by H. Pikler 
Goodyear Aircraft Corporation 
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Figs. 1,2 
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Figs. 5-7 



Fig. 5: Determination of most favorable 

slat position for wing with plain 
flap type b, without blowing out 
air. 


/ - 



Fig. 6: Wing with 
plain flap type b; 
offset on flap 
filled in; s = . 00667 i 
slat position: 

7e(14) 






Fig. 9: Wing with plain flap type d; "heavily thickened" flap; 

s = .006671: slat in position 7e(14). 
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Figs. 10,11 




Figs. 12,13 
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Figs. 18,19 


v *30 
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Figs. 22,23 





Fig. 22: Wing with slotted flap type f; s = D05i; 
slat closed. 



Fig. 23: Wing with slotted flap type f; s =.005Z; slat closed 






Fig. 25: Wing with slotted flap type f; s = .005i; 

slat position 6e(16). 
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Figs. 26,27 



Fig. 26: Wing with slotted flap type f; s = .0051; 
slat position 6e(16). 



Fig. 27: Wing with slotted flap type f; s =.005l; slat position 6e(16). 


Figs. 28,29 
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Fig. 28: Wing with slotted flap type f; s = . 0051 ', slat position 6e(16); 
Test run at increasing and decreasing volume n = 30°. 


72 - 30 ° 





















